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General experimental details

Melting points were measured on Boétius hot plate microscope and are uncorrected.
IR spectra were recorded on a Nicolet Impact 410 spectrometer, in KBr pellets. The
NMR spectra have been recorded on a Bruker Avance Il 400 instrument operating at
400.1, 100.6 MHz and 40.5 MHz for *H, **C, and *°N nuclei, respectively. Samples
were transferred in 5 mm Wilmad 507 NMR tubes and recorded with a 5 mm
multinuclear inverse detection z-gradient probe. Chemical shifts are reported in
units (ppm) and were referenced to internal TMS for *H chemical shifts, to the internal
deuterated solvent for **C chemical shifts (CDCl; referenced at 77.0 ppm), and
referenced to liquid ammonia (0.0 ppm) using nitromethane (380.2 ppm) as external
standard for >N chemical shifts. Unambiguous 1D NMR signal assignments were
made based on 2D NMR homo- and heteronuclear correlations. H,H-COSY, H,H-
NOESY, H,C-HSQC and H,C-HMBC experiments were recorded using standard
pulse sequences in the version with z-gradients, as delivered by Bruker with the
TopSpin 2.1 PL6 spectrometer control and processing software. The °N chemical
shifts were obtained as projections from the 2D indirectly detected H,N-HMBC

spectra, employing a standard pulse sequence in the version with z-gradients as
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delivered by Bruker (TopSpin 2.1 PL6). Elemental analyses for C, H and N were
obtained using a COSTECH Instruments EAS32. Satisfactory microanalyses for all
new compounds were obtained.

Intermediary imidoyl chlorides were prepared according to reported methods [1-3].
Aromatic aldehides, ethyl propiolate, 3-butyn-2-one, 1-phenylpropynone, copper(l)
iodide and solvents were purchased from Sigma Aldrich and used further without
purification.

General procedure for synthesis of 3,5-disubstituted isoxazoles

To a solution of crude imidoyl chlorides (10 mmol) in 60 mL of 1:1 tert-BuOH:H,O
were added under stirring a non-symmetrical activated alkyne (10 mmol) and
copper(l) iodide (15 mg). Then, KHCO3 (4.33 g, 43.25 mmol) was added in small
portions and the reaction mixture was stirred at room temperature for one hour. The
solid was filtered off, washed with water and recrystallized.
1-(3-(Benzo[1,3]dioxol-5-yl)isoxazol-5-yl)ethanone (6) was obtained as pale yellow
crystals, yield 81% (1.873 g), mp 159-160 °C (from CHCls/MeOH), IR (Vmax, cm™):
3116, 2913, 1689, 1577, 1510, 1464, 1439, 1362, 1290, 1243, 1204, 1120, 1033. *H
NMR (400.1 MHz, CDCl3) & (ppm): 2.63 (3H, s, CHs), 6.03 (2H, s, CH,), 6.89 (1H, d,
8.0 Hz, H-5"), 7.10 (1H, s, H-4), 7.28 (1H, dd, 8.04, 1.70 Hz, H-6"), 7.33 (1H, d, 1.6
Hz, H-2'). *C NMR (100.6 MHz, CDCls) & (ppm): 27.2 (CHs), 101.6 (CH,), 104.9 (C-
4), 106.9 (C-2’), 108.7 (C-5"), 121.4 (C-6’), 121.8 (C-1’), 148.4 (C-3’), 149.6 (C-4"),
162.8 (C-3), 166.9 (C-5), 186.9 (CO). >N NMR (40.6 MHz, CDCls) & (ppm): 376.6.
Anal. Calcd for C12HgNO,4 (231.20): C, 62.34 %; H, 3.92 %; N, 6.06 %. Found: C,
62.29 %; H, 4.02 %; N, 6.10 %.

3-(Benzo[1,3]dioxol-5-yl)isoxazole-5-carboxylic acid ethyl ester (7) was obtained
as white solid, yield 70% (1.83 g), mp 100-101.5°C (from CHCIls/MeOH), IR (v, cm™):

3131, 2906, 1740, 1588, 1468, 1449, 1309, 1216, 1161, 1109, 1037. *H NMR (400.1
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MHz, CDCls) & (ppm): 1.47 (3H, t, 7.1 Hz, CHs), 4.50 (2H, g, 7.1 Hz, CH,), 6.08 (2H,
s, CHy), 6.93 (1H, d, 8.1 Hz, H-5°), 7.20 (1H, s, H-4), 7.33 (1H, dd, 8.08, 1.30 Hz, H-
6'), 7.38 (1H, d, 1.3 Hz, H-2’). *C NMR (100.6 MHz, CDCls) & (ppm): 14.1 (CHs),
62.3 (CHy), 101.6 (CHy), 106.9 (C-2’), 107.2 (C-4), 108.7 (C-5’), 121.4 (C-6’), 121.9
(C-1'), 148.4 (C-3’), 149.6 (C-4’), 156.9 (C-5), 160.8 (C-3), 162.5 (COO). >N NMR
(40.6 MHz, CDCI3) & (ppm): 377.5. Anal. Calcd for C13H11NOs (261.23): C, 59.77 %;
H, 4.24 %; N, 5.36 %. Found: C, 59.70 %; H, 4.29 %; N, 5.40 %.
(3-(Benzo[1,3]dioxol-5-yl)isoxazol-5-yl)phenylmethanone (8) was obtained as
pale yellow, yield 78% (2.29 g), mp 135-137°C (from CHCls/MeOH), IR (v, cm™):
3160, 2921, 1651, 1596, 1514, 1459, 1420, 1254, 1232, 1106, 1032. *H NMR (400.1
MHz, CDCls) & (ppm): 6.05 (2H, s, CH,), 6.91 (1H, d, 8.1 Hz, H-5'), 7.26 (1H, s, H-4),
7.34 (1H, dd, 8.08, 1.08 Hz, H-6"), 7.39 (1H, d, 1.04 Hz, H-2’), 7.56 (2H, t, 7.7 Hz, H-
3”), 7.68 (1H, t, 7.4 Hz, H-4"), 8.18 (2H, d, 7.6 Hz, H-2"). *C NMR (100.6 MHz,
CDCls) & (ppm): 101.6 (CH,), 107.0 (C-2’), 108.0 (C-4), 108.8 (C-5'), 121.5 (C-6"),
121.9 (C-1’), 128.8 (C-3”), 130.0 (C-27"), 134.1 (C-4"), 135.5 (C-1"), 148.4 (C-3)),
149.6 (C-4’), 162.3 (C-3), 167.3 (C-5), 181.4 (CO). >N NMR (40.6 MHz, CDCl3) &
(ppm): 376.3. Anal. Calcd for C17H11NO,4 (293.27): C, 69.62 %; H, 3.78 %; N, 4.78 %.
Found: C, 69.71 %; H, 3.82 %; N, 4.60 %.
1-(3-(Thiophen-2-yl)isoxazol-5-yl)ethanone (9) was obtained as beige crystals,
yield 73% (1.41 g), mp 113-115°C (from MeOH), IR (Vmax, cm™Y): 3109, 3094, 1695,
1584, 1539, 1460, 1393, 1365, 1290, 1205, 1097, 1018. *H NMR (400.1 MHz, CDCls)
5 (ppm): 2.68 (3H, s, CH3), 7.15 (1H, s, H-4), 7.18 (1H, t, 3.9 Hz, H-3"), 7.51 (1H, d, 5
Hz, H-4’), 7.54 (1H, d, 3.2 Hz, H-2"). **C NMR (100.6 MHz, CDCl3) & (ppm): 27.2
(CH3), 105.0 (C-4), 127.9 (C-3’), 128.2 (C-2’), 128.4 (C-4’), 129.5 (C-1’), 158.4 (C-3),

166.9 (C-5), 186.8 (CO). ®N NMR (40.6 MHz, CDCl3) & (ppm): 374.2. Anal. Calcd for
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CoH7NO,S (193.22): C, 55.94 %; H, 3.65 %; N, 7,25 %. Found: C, 56.0 %; H, 3.68 %;
N 7.20 %.

3-(Thiophen-2-yl)isoxazole-5-carboxylic acid ethyl ester (10) was obtained as
beige crystals, yield 67% (1.50 g), mp 78-80°C (from MeOH), IR (v, cm™): 3129,
3112, 2979, 1728, 1546, 1463, 1366, 1289, 1236, 1131, 1110, 1015. *H NMR (400.1
MHz, CDCls) & (ppm): 1.47 (3H, t, 7.1 Hz, CHs), 4.49 (2H, q, 7.1 Hz, CH,), 7.17 (1H,
t, 4.1 Hz, H-3'), 7.20 (1H, s, H-4), 7.50 (1H, d, 4.7 Hz, H-4"), 7.54 (1H, d, 3.1 Hz, H-
2’). *C NMR (100.6 MHz, CDCls) & (ppm): 14.1 (CHs), 62.4 (CH,), 107.2 (C-4), 127.8
(C-3'), 128.1 (C-2'), 128.4 (C-4"), 129.6 (C-1’), 156.6 (C-3), 158.2 (C-5), 160.8 (COO).
>N NMR (40.6 MHz, CDCls) & (ppm): 375.7. Anal. Calcd for C1oHgNO3S (223.25): C,
53.80 %; H, 4.06 %; N, 6.27 %. Found: C, 53.77 %; H, 4.0 %; N, 6.31 %.
Phenyl-(3-(thiophen-2-yl)isoxazol-5-yl)methanone (11) was obtained as a beige
solid, yield 74% (1.89 g), mp 90-91°C (from MeOH), IR (v, cm™): 1652, 1573, 1537,
1456, 1392, 1261, 1233, 1184, 1025. *H NMR (400.1 MHz, CDCl5) & (ppm): 7.18 (1H,
t, 4.0 Hz, H-3"), 7.28 (1H, s, H-4), 7.51 (1H, d, 4.9 Hz, H-4’), 7.58 (1H, d, 5.2 Hz, H-
2'), 7.58 (2H, t, 8.2 Hz, H-3"), 7.71 (1H, t, 7.4 Hz, H-4"), 8.20 (2H, d, 7.5 Hz, H-2").
13C NMR (100.6 MHz, CDCls, 8 (ppm)): 108.0 (C-4), 127.9 (C-3'), 128.3 (C-2'), 128.4
(C-4"), 128.8 (C-3"), 129.5 (C-1"), 130.0 (C-2"), 134.2 (C-4"), 135.4 (C-1"), 157.9 (C-
3), 167.3 (C-5), 181.1 (CO). >N NMR (40.6 MHz, CDCl3) & (ppm): 374.4. Anal. Calcd
for C14HgNO,S (255.29): C, 65.87 %; H, 3.55 %; N, 5.49 %. Found: C, 65.93 %; H,

3.64 %; N 5.42 %.
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Figure S1. 'H (top) and *3C (bottom) as examples of NMR spectra corresponding to

compound 6, recorded in CDCls.
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General experimental details for fluorescence measurements

Fluorescence measurements were recorded on an AXIO - OBSERVER D1, Zeiss,
equipped with a video digital camera AxioCam MRc using an AxioVision Rel.4.6
software.

Fluorescence indicator H,DCF DA (2’,7’-dichlorodihydrofluorescein diacetate) was
purchased from Invitrogen Molecular Probes. DAF-FM DA (4-amino-5-methylamino-
2’ 7’-dichlorodihydrofluorescein diacetate), chitosan with average molecular weight

and TWEEN 20, a nonionic detergent, were purchased from Sigma Aldrich.

General test procedure and fluorescence microscopy images of NO and ROS in
Arabidopsis tissues.

The experiments have been performed on Arabidopsis thaliana plants, cultivated in a
laboratory in Arasystem [4]. We used Arabidopsis thaliana wild type seeds (provided
by Lehke Seeds Texas, USA) that have been seeded in sterilized soil and cultivated
for six weeks in a special growth room, at 21-23 °C, 70% humidity, light intensity
150 pmol/m2 and a photoperiod of 14 h/10 h.

Each 3,5-disubstituted isoxazole compound, 0.5 mg, and 2.5 mg respectively,
dissolved in 1 mL etanol was mixed with 0.25 g Tween 20 and demineralized water to
prepare 50 mL of each test suspension. Test suspensions were kept in spraying
glass bottle, in the dark, at room temperature. The Arabidopsis leaves were sprayed
with the inductor suspensions (at a rate of 1 mL/plant) and collected after 24 h. As
positive control we used plant treated with chitosan solution, 50 pg/mL, in 0.5% acetic

acid solution, buffered to pH 5.6 with NaOH 1 M.
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Histochemical analysis

Intracellular ROS was visualized by using H,DCF DA as fluorescence indicator. The
collected Arabidopsis leaves were washed with distilled water and incubated with 2.5
MM H,DCFA solution (10 mM in DMSO), for 30 minute in the dark, at room
temperature. Then the leave fragments were washed twice with distilled water and
the H,DCF DA — mediated fluorescence was detected (emission/excitation: 488/525
nm). Arabidopsis leaves untreated with inductor suspensions were used as negative
control. ROS generation in Arabidopsis leaves after 24 hour from treatment with
inductor suspensions, of 3,5-disubstituted izoxazole or chitosan, at concentrations of
50 pug/mL, is presented in Figure S2.

Intracellular NO was visualized by using DAF-FM DA fluorescence indicator (Figure
S2). The collected Arabidopsis leaves were washed with distilled water and incubated
with 10 yM DAF-FM diacetate (5 mM in DMSO), for 15 min, in the dark, at room
temperature. Then the leave fragments were washed twice with phosphate buffer
saline (PBS) at pH 7.4 and the fluorescence of the reaction product of DAF-FM DA
with  NO was captured (emission/excitation: 488/525 nm). Arabidopsis leaves
untreated with inductor suspensions were used as negative controls. NO generation
in Arabidopsis leaves after 24 hour from treatment with inductor suspensions of 3,5-
disubstituted izoxazole or chitosan, at concentrations of 50 ug/mL, is presented in

Figure S3.
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Figure S2. ROS generation in Arabidopsis leaves after 24 hour from treatment with
inductor suspensions (NC = negative control; PC = positive control, chitosan)
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Figure S3. NO generation in Arabidopsis leaves after 24 hour from treatment with
inductor suspensions (NC = negative control; PC = positive control, chitosan)
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